. Therefore, an extensive development of new synthetic methodologies for the preparation of new functionalized hydantoin derivatives would be highly desirable.
. Especially, spirohydantoins 11 and fused 12 bicyclic hydantoin derivatives have recently attracted much attention in drug discovery due to their various biological activities. However, the methods for their synthesis are not numerous. Only few examples have dealt with the construction of six and five membered fused hydantoins using ring-closing metathesis, where amino acids have been used as starting materials to prepare the hydantoin precursors 13 . Therefore, an extensive development of new synthetic methodologies for the preparation of new functionalized hydantoin derivatives would be highly desirable.
As part of our strategy towards the preparation of hydantoin-containing heterocycles, we sought to prepare the more conformationally constrained and varied bicyclic scaffolds, by fusing the hydantoin ring at N-1 and C-5 positions to a functionalized five-membered pyrrolidine ring and homologues. Furthermore, the presence of substituents in C-5 and N-3 position open up capability of generating a broad structural diversity.
Although selenocyclization proved to be a powerful and versatile tool for the construction of heterocyclic rings 14 , no examples of construction of the bicyclic hydantoin system through selenium-induced cyclization have been reported.
Herein, we describe the de novo design and synthesis of a bicyclic hydantoin scaffold and our independent efforts to exploit intramolecular selenocyclization for fashioning molecules having rigid, conformationally well-defined structures consistent with attractive lead compounds for drug discovery.
For our study, in the first step, unsaturated ketones 1a-g as starting materials were synthesized from readily available β-ketoesters (Scheme 1). For the preparation of 5-alkenyl hydantoins, we have chosen the use of the wellestablished Bucherer-Bergs reaction 15 because this reaction, compatible with a large-scale production, uses non expensive reagents as well as mild conditions and proceed in one step starting from the appropriate unsaturated ketones. Under these conditions (i.e. 1 equiv of ketone 1a-g, 2 equiv of NaCN, 4 equiv of (NH 4 ) 2 CO 3 , EtOH-H 2 O (1:1), reflux, 24 h) compounds 2a-g, as crystalline solids, were obtained in good yields (61-89%).
The resulting 5-alkenyl hydantoins contains a double bond and an internal nitrogen nucleophile, and they can be subjected to electrophilic cyclization. In the final step, 5-alkenyl hydantoins 2a-g were submitted separately to the selenium-induced cyclization reaction. The overall 3 step sequence to fused bicyclic hydantoins is shown in Scheme 1.
Scheme 1. Synthesis of fused bicyclic hydantoins
We initiated our study by optimization of the reaction conditions. The influence of selenium reagents, bases, additives, temperature and solvents on the cyclization of 2g was examined. Interestingly, chemoselectivity of bicyclic hydantoin formation is strongly influenced by experimental factors such as the solvent and the use of additives.
After an initial screen of additives ( Table 1 ) we found that the use of SiO 2 afforded the highest yield of desired product. Concerning the solvents, the use of acetonitrile gave the best results. The use of THF, dichloromethane or pyridine gave the desired product in the yield less than 10%. In our previous works 16 we found that the use of bases facilitates the selenoetherification, but in this cyclization reaction the use of bases (K 2 CO 3 , Et 3 N or pyridine) did not have any influence. The effect of reaction temperature is also shown in Table 1 and the highest yield was obtained at ambient temperature. The effect of halide ion of the selenylating reagent on the reaction outcome has been observed. Although phenylselenyl bromide is most effective reagent for intramolecular amidoselenylations 17 , in our screening it is less successful than chloride and iodide (Table 1) . From the results above, optimum reaction conditions were chosen: alkenyl-hydantoin (1 equiv), PhSeCl (1.1 equiv), silica gel (5 equiv), acetonitrile as solvent and room temperature. Using the optimized conditions, selenocyclization with a variety of 5-alkenyl hydantoins was next explored. In all cases clean formation of fused bicyclic hydantoins was observed. From the results summarized in Table 2 , it is apparent that good to excellent yields of fused bicyclic hydantoins are obtained. The reaction is regiospecific giving only five-membered fused bicyclic hydantoins stemming from the nucleophilic attack of the nitrogen atom to cyclic selenuranium ion intermediate during the cyclization step. Formation of this sole regioisomer proceed via favorable 5-exo-trig ring closure process.
The reaction tolerates a variety of substitution on double bond. Precursors with allyl 2a-c and metallyl 2d-f substituents afforded bicyclic products in high yield. In the case of analogue with terminally disubstituted double bond 2g yield was lower probably due to steric hindrance. Size of alkyl substituents at C5 position in precursors decreased the yield of the products (3c and 3f) .
Also we tested the reactivity of N3-alkylated alkenyl hydantoins 2h and 2i. The cyclization proceeded well which open up the possibility to prepare a great number of products with high diversity.
Finally we tried to obtain the bridged bicyclic hydantoin by cyclization via N3 nitrogen atom from N1-acetylated hydantoin, but this attempt failed. a Reaction conditions: 5-Methyl-5-(4-methyl-pent-3-enyl)-imidazolidine-2,4-dione (2g, 0.5 mmol), additive (0.5 mmol), acetonitrile 5 mL, PhSeX (0.55 mmol).
b The reaction was conducted with 2.5 mmol of SiO2. c PhSeI was prepared by the reaction of (PhSe)2 with one equiv of iodine. d Determined from 1 H NMR spectra of crude reaction mixture. e Isolated yields.
These reactions proceeded in stereoselective manner obtaining the separable diastereomeric mixture. The products with bridgehead substituents and CH 2 SePh (or CMe 2 SePh) groups in cis relationship were formed predominantly. The observed diastereomeric ratios and chemical yields are summarized in Table 2 . The exclusively cis fusion of the bicyclic system was established on the basis of the chemical shifts of the proton and carbon-13 at the 7a position 18 . In the major diastereoisomer the (5S,7aS) configuration to the stereogenic centers was assigned. Thus, we have an easy access to azabicyclic compound bearing nitrogen at the fusion of five-membered rings, which are key building blocks in many multistep alkaloids and drug syntheses. Due to the presence of the carbonyl and phenylselenium groups, these products can be employed for further interesting transformations 17a .
In summary, we have described a short and convenient method for the preparation of fused bicyclic hydantoins, in good to excellent yields, starting from simple commercially available materials in only three-step reaction sequence, including intramolecular electrophilic amidoselenylation of 5-alkenyl hydantoins as an assential step. The excellent chemo-and regioselectivity are an important advantage of this method. This methodology would be extended to access six membered ring systems.
